uncertainty about the ordering of parts, and uncertainty about the statistical properties of the orderings.) The problem is to produce a working system which can perform this task emdently, lntelllgently, and in a cost effective fashion.
Candidate Solutions

Eliminate Uncertainty
The most frequently proposed solution to this problem is to eliminate the uncertainty in the availability of the parts by re-engineering the task. Instead of delivering the parts in a bin, deliver the parts affi xed to a pallet with specific locations and orientations. The robot can then be programmed to perform the task according to a fiXed sequence of operations based upon the fiXed locations of the parts. 
Restore Certainty
A third solution is to restore certainty when ever it is lost. For example, in the system developed at Edinburgh cited above, the parts were made available in a loose heap. The 
The Proposed Soludon
It is unlikely that a single strategy or methodology is sufficient in a multifaceted problem such as this. Instead a good strategy would be to form a composite of the best available hardware and software technologies, incorporating each to the degree that it is useful and cost effective. Unfortunately there is a common weakness in the candidate solu tions which must be addressed. The solutions discussed above focus exclusively on the process of acquiring the parts and they fail to apply knowledge of the assembly task itself.
While there is no way to precisely predict or completely control the sequence of parts as they are acquired from the bin, there may be many feasible sequences for installing the specific part, or the difficulty of installing that part, but it must give some preference to the operation which preserves the most options in sequencing the remainder of the assembly.
Consistent application of the principle of least commitment, in the creation of the plan, in the representation of the plan and schedule, and in the execution of the schedule, increases the likelihood that each time the robot con sults the vision system, at least one of the parts currently visible in the bin can be immediately installed in the ass embly. Given this fiexibility, the robot can determine the actual sequence of operations at execution time, according to the sequence of parts acquired from the bin and according to the constraints on the ass embly operations. Of course, there will be some circumstances when none 9f the visible parts can be immediately installed. In that case, one of the visible parts can be buffered thereby introducing some certainty into the process. As a whole, the strategy of opportunlstlcally selecting parts to be installed or buffered enables the robot to operate efficiently, and intelligently in spite of the considerable uncertainty in the sequence parts acquired from the bin.
Empirical Results
Assume that the gearbox, shown in Figure 1 , is to be assembled as described above. The parts are packed randomly into a small bin and delivered to a vision equipped robot which must acquire the parts from the bin, one at a time, and perform the assembly. Assume also that the robot will perform the assembly according to the strategy shown in Figure 2 . (In fact, the plan for the assembly may consist of several distinct strategies, but for the sake of simplicity, only one strategy will be considered in this example.) Within that diagram each node denotes the operation of installing a part and each directed arc denotes an ordering conetraint. For instance, the arc from rl to eo denotes the constraint that the ring gear must be installed before the cover. Whenever multiple arcs converge at a single node, all of the predecessor steps must be completed before the operation denoted by the node· can be executed.
Suppose that the robot has been programmed to perform the assembly according to the strategy of opportunistic scheduling. At each step of the ass embly at least one part is visible and available in the bin and there may also be some parte available which have been previously moved from the bin to fixed layout locations. The robot will always install any part which is presently available and can be immediately included in the ass embly. If none of the available parts can be immediately installed it will choose one of the parts in the bin and move it to a fixed location for later use. If more than one part can be installed the robot should choose the one which pre serves the most future sequencing options, and if none can be installed the robot should choose to buffer the part which will be needed earliest in the assembly. The sequence of operations shown in Table 1 might be typical of the course of action generated by an opportunistic scheduling strategy.
According to the simulation studies reported ln an earller paper 4 , thls technique ls far superior to the individual methods of buffering or shaking discussed above.
Conclusion
Several different techniques can be applied in problems which involve task execution in the presence of temporal uncertainty. Wherever possible, uncertainty should be eliminated or reduced, certainty should be restored whenever it is lost, the remaining uncertainty should be quantified and circumscribed, but an invalu able technique is to exploit the inherent flex ibility in the tasks to be performed. and to R. 
